Using Lamb circulation categories, daily precipitation receipt for 34 Irish sites are examined for the period since 1941. Marked gradients are apparent with particular trajectories, and the influence of ocean surface temperatures and topography is described. Changes in the frequency of occurrence of synoptic types, particularly westerly and cyclonic categories, are shown to have implications for the national distribution of precipitation and also for particular areas in terms of annual receipt.
INTRODUCTION
In terms of its ability to convert water vapour into precipitation, Ireland possesses one of the world's most efficient climatic regimes. This stems essentially from the geographical location of the island, firstly on an oceanic margin where the supply of water vapour is plentiful throughout the year, and secondly, amid the principal depression tracks of the North Atlantic. The condensation forcing mechanisms which this latter ingredient provides are further enhanced by the orographic effects of the relief configuration of Ireland where all the land above 750 m lies within 56 km of the coastline.
Despite the obvious necessity of studying precipitation climatology as a pre requisite in understanding the operation of Irish weather and climate, relatively few investigations have been made. Most, such as Morgan (1953), Dixon (1955) , Rohan (1975) and Logue (1971 Logue ( and 1978 have concentrated their attentions on statistical analysis of rainfall amounts, irrespective of its origin. This work has enabled a reasonably comprehensive picture of the seasonal characteristics, and extreme event return periods, to be assembled. In terms of studies seeking to relate precipitation to synoptic circulation types, however, less success is apparent. Perry (1972) , Houghton and O'Cinneide (1976a) and Mills (1983) have examined spatial contrasts across Ireland in relation to specific circulation types, though often with a rather restricted time period in evidence. The purpose of this paper is first, to extend the utility of such analyses by examining rainfall patterns across Ireland using the most complete observational records available and secondly to make some preliminary comments on the impact which recent circulation changes are having in terms of Irish rainfall characteristics. extend over a wide area. This is also the only location where the 1000mm isohyet reaches the west coast. The sensitivity of this area, in particular, to recent circulation changes will be demonstrated later.
In beginning to explain this spatial pattern the first point which should be made is that it does not derive from west to east contrasts in rainfall intensity from similar rainfall producing events. This was demonstrated by by contrasting the rainfall patterns produced by high intensity as opposed to long duration events of the same return period. A weak spatial field was apparent with high intensity precipitation and no marked west-east contrasts existed. This is in agreement with the findings of Bleasdale (1963) , Glasspoole (1930) (after Lamb, 1972) FIGURE 3. Stations employed in the analysis westerly circulation and release the bulk of their precipitation over western parts. Secondly, it enables a transfer of sensible and latent heat to frontal systems which are rendered more active at this season in western margins. Both of these aspects are not exclusive to each other, and may be reconciled in the convective shafts which are now known to characterize frontal zones at a mesoscale level (Hobbs and Locatell, 1978) . In summer, convective activity switches on to the land, and is more pronounced in the more continental east of Ireland. This area thus has a more even seasonal distribution than western areas, with more tendencies towards a summer maximum. The hundred year record from the Phoenix Park in Dublin shows August to be the wettest month, rather surprising at first sight in an island often heralded as exemplifying maritime influences par excellence.
Further complications in the rainfall pattern are hinted at by the existence also of north to south contrasts. These were noted by Morgan (1953) and Perry (1972) and are attributed to preferred depression tracks across Ireland. Such depressions may themselves exhibit considerable diversity and this will also manifest itself in spatial receipt patterns (Thomas, 1960 would thus seem worthy of further consideration.
THE SYNOPTIC ORIGINS OF IRISH PRECIPITATION
In relating precipitation to circulation characteristics the first requirement is for some form of daily categorization of airflow types across Ireland. This has been done according to a scheme originally devised by Lamb (1950) which involved seven primary circulation categories. In a subsequent revision a further nineteen hybrid types were added to incorporate more complex circulation types into a register extending from 1861 (Lamb, 1972) . The categories are considered to be representative of an area (50-60?N and 10?W-2?E) which includes the whole of Ireland although a modified register more appropriate to conditions here is currently under preparation (Betts, 1982) . The criteria by which days are allocated to a particular type are well known and can be seen in Table I .
Daily rainfall values for 53 stations, for the period from 1941 onwards, were initially assembled. 1941 Using the full length of record from each station has the advantage also of minimizing the problems resulting from a lack of synchronization between the Lamb weather types, assigned on a midnight to midnight basis, and the daily rainfall readings, not made until 09.00 hrs on the following morning. This lack of temporal compatibility is, however, not too serious since the Lamb classification is not designed to be used strictly to characterize airflow on a particular day in isolation, but rather to indicate the nature of a sequence of days. In fact the strongest relationships were observed when the rainfall values were not thrown back to the previous day. This suggests that the Lamb categories may not be as applicable to a westerly location such as Ireland as intended, and that they are thus better matched to the last nine hours of the rainfall day rather than the first fifteen.
Mean daily rainfall amounts for each of the twenty-seven Lamb weather types were calculated for each station. The remainder of this paper however confines itself principally to examination only of the eight primary circulation categories. The results of these calculations are seen in Table II which shows the considerable variability in rainfall yields apparent with different circulation types. A northerly airflow, for example, produces about 1 mm on average while a southerly flow yields almost five times this amount. The marked rainfall gradients which occur in relation to circulation trajectories is best appreciated, however, if the data are mapped (Figs 4 and 5) . It should be emphasized that these maps relate only to the lowlands of which the synoptic stations are representative. No account has been taken of orographic enhancement in upland areas. The maps may, however have some utility for forecasting likely amounts or probability with particular circulation types, especially since they are based on very large sample sizes. For the major circulation categories the mean precipitation amounts were calculated from several hundred days of the particular type. For the three most frequently occurring categories (anticyclonic, cyclonic and westerly) the number of days used for calculation exceeded 2800 at some stations.
Anticyclonic type (Fig. 4a) This type of circulation involves a high pressure area centred over or extending over the British Isles. As such, the areas closest to the centre of subsidence generally lie on the eastern half of Ireland, with the western half less dominated by high pressure influences, perhaps with Atlantic fronts skirting the western seaboard. Accordingly, a very slack east to west gradient is observed. Rainfall amounts are uniformly small, although somewhat greater, especially in the south west, than suggested by Houghton and O'Cinneide (1976a). Only along the western seaboard do amounts significantly exceed 1 mm.
Cyclonic type (Fig. 4b) A cyclonic circulation implies the movement of a depression centre across Ireland. Over a long period the track taken may vary, promoting again a fairly even distribution of precipitation across the country. In contrast to the findings of Houghton and O'Cinneide (1976a), however, rainfall amounts are not greatest with this circulation type, with the exception of east central Ireland and the extreme north east of Ulster, a finding corroborated by Mills (1983) . A noticeable decrease in amounts can be discerned in the interior of Ireland which may be related to a less abundant supply of oceanically derived water vapour in these inland locations.
The heaviest receipt appears concentrated along the Co. Antrim coast and this suggests that the North Channel may be instrumental in producing precipitation activity with unstable north westerly airflows. This is hinted at also in the map of north westerly precipitation although further analysis would be needed to corroborate this hypothesis.
Westerly type (Fig. 4c) A north to south pressure gradient, usually in conjunction with depression passage to the north of Ireland, produces this circulation type. The west to east decline in amounts shown is therefore to be expected, such airflows maximizing orographic influences. In the north and northwest this is the wettest airflow, with amounts typically twice as large as those received in the rain shadow east of the Wicklows. A marked rainshadow in the lee of the Cork-Kerry mountains can also be seen. Westerly airflow is also the main supplier of rainfall around the lower Shannon Basin, which is relatively exposed to in this direction. Amounts generally increase with this airflow towards the north west, an indication of the role played by the greater proximity of these areas to the depression centres at their most active stages of development.
North westerly type (Fig. 4d) The extension northwards in mid Atlantic of the Azores anticyclone forces depressions to pass north of Ireland in a north west to south east direction, producing a north westerly airflow. Rainfall receipt thus shows a north-south gradient with a considerable contrast between the north and south coasts. Amounts, however, are relatively light away from north facing coasts, suggesting an important role for elevation and exposure considerations with this airflow.
Northerly type (Fig. 5a ) High pressure to the west of Ireland, with low pressure over continental Europe, produces the driest airflow as far as most of Ireland is concerned. Exposure is again the main control on amounts with northern and western areas receiving rainfall from convective showers triggered by the warming of the cold northerly flow as it traverses warmer ocean. Again a marked shadow can be discerned along the south coast and south of the Mournes.
Easterly type (Fig. 5b Unclassified type (Fig. 5d ) Days when the circulation did not match any of Lamb's criteria for his seven principal or nineteen hybrid types were alloted to this category. Often the synoptic situation was highly complex.
Such days can be seen to provide a substantive amount of precipitation with some distinctive regional variations. Overall the pattern resembles that for the southerly type, as was noted by Houghton and O'Cinneide (1976a) who suggested that a tendency for a southerly airflow might characterize many of these occasions. In a further study the same authors (Houghton and O'Cinneide, 1976b) analyzed six storms yielding over 50 mm of rainfall. They found in all cases, except one, that the upper airflow was highly meridional, and that such storms tended to be unclassifiable in Lamb's scheme. Much of the pattern for this category may therefore result from slow moving or quasi stationary fronts in association with a southerly airstream.
A number of points emerge from this examination of daily precipitation averages with circulation type. First, despite its relatively small size, Ireland exhibits marked regional contrasts with specific airflow types. Southerly, westerly, and north westerly airflows are particularly significant in producing westeast contrasts, which are often further exacerbated by topographical effects. Cyclonic and anticyclonic circulations on the other hand promote a more even receipt.
Secondly, heaviest falls are associated with a southerly circulation type, and not cyclonic as claimed by Houghton Thirdly, it can be hypothesized that the seasonal imbalance in receipt noted may reflect one or both of two possibilities. Either the seasonal frequency of specific circulation types varies, thus providing a greater frequency of wetter/drier airflows at particular times of the year, or seasonal contrasts in yields may exist within particular airflow types. Daultrey (1984) considered the former hypothesis unlikely and so the latter is investigated here. The Lamb classification is in effect a means of removing temperature considerations from the more common air mass analysis approach. As such, it has the disadvantage of blurring seasonal differences within circulation types which may arise from thermal controls on the air mass associated with them. Certainly, as Gregory (1964) noted, the classification omits the whole concept of the intensity of development of the circulation system concerned, and this may be an important consideration at a seasonal level. Table III shows the mean precipitation values disaggregated by season. In each case receipts are heaviest in the autumn/winter wetter half of the year and in each season southerly airflows are wettest. Only small seasonal contrasts are in evidence with anticyclonic and northerly flows and the main seasonal differentiation is attributable to the other types. The southerly maximum in autumn is particularly striking and seems related to sea surface temperatures, which are at a maximum in early autumn. In fact the general level of enhancement for most categories is relatively consistent, implying the operation of an outside control, such as sea surface temperature, as the major determinant of rainfall receipt. The role of a warm ocean, transferring latent energy to the air and to cyclonic systems in it, may be inferred from Table III as the major cause of the autumn/winter precipitation maximum in most of Ireland.
Fourthly, it may be suggested that the annual precipitation map of Ireland is essentially a compendium of these daily averages and reflects the frequency of occurrence of individual circulation types in the course of thirty years. It is apparent, therefore, that changes in the mix of circulation types which occur over time will conceivably alter the annual rainfall map to some degree.
THE SIGNIFICANCE OF CIRCULATION CHANGES
Over the period 1881-1984 the seven basic Lamb types, plus the unclassified category, accounted for 70 per cent of the daily weather patterns over Ireland, the remainder being attributable to the hybrid circulation categories. Anticyclonic, cyclonic and westerly types are dominant in this 70 per cent and clearly Irish rainfall patterns are primarily determined by precipitation received from the last two types, which account for about 66 per cent of annual rainfall throughout Ireland. Changes in the (Fig. 8) shows considerable differences. In each case the importance of the westerly source has greatly diminished. At Valentia and Shannon it is only slightly greater than cyclonic, while at Dublin, cyclonic is almost twice as important as the westerly type.
The impact of such changes on total rainfall amount may vary from place to place. Over most of Ireland declining contributions from westerly sources have been compensated for by increases in rainfall from the other sources, particularly cyclonic or some of the hybrid categories. The long term trend in rainfall may therefore be unchanged. In some instances, however, the airflows which replace the westerlies are significantly drier and the long term trend may show a slight decline. This appears to be happening at Shannon where, because of the area's unusually high dependance on westerly rainfall, its vulnerability to a decline is greatest. The relief configuration of the area around Shannon renders it less exposed to rainfall from other direc- 
